Function of the [2FE-2S] cluster in mammalian ferrochelatase: a possible role as a nitric oxide sensor.
Ferrochelatase (E.C. 4.99.1.1) is the terminal enzyme of the heme biosynthetic pathway, catalyzing the insertion of ferrous iron into protoporphyrin. In mammals the enzyme contains a labile [2Fe-2S] center. Although this cluster is absent in all prokaryotic, plant, and yeast ferrochelatases, its destruction or elimination from the mammalian enzyme results in loss of enzyme activity. In the current study we present data which clearly demonstrate that mammalian ferrochelatase is strongly inhibited by nitric oxide and that this effect is mediated via destruction of the [2Fe-2S] cluster. Carbon monoxide has no inhibitory effect, and yeast ferrochelatase, which lacks the [2Fe-2S] cluster, is not affected by NO (or CO). EPR and UV-visible absorption of purified recombinant human ferrochelatase provides evidence that NO is targeting the [2Fe-2S] center. UV-visible absorption spectroscopy of both human and murine recombinant ferrochelatase incubated with NO or the NO donor, S-nitroso-N-acetylpenicillamine (SNAP), indicate a rapid loss of the visible absorption spectrum of the [2Fe-2S] cluster. EPR studies of the resulting samples reveal the characteristic axial S = 1/2 resonance, g perpendicular = 2.033, and g parallel = 2.014 of a cysteinyl-coordinated monomeric iron-dinitrosyl cluster degradation product. Parallel spectroscopic studies of spinach ferredoxin, which also contains a [2Fe-2S] cluster, gave no indication of NO-induced cluster degradation under the same experimental conditions. Exposure of DMSO-induced murine erythroleukemia cells exposed to SNAP results in an initial decrease in heme production, suggesting that in vivo the cluster is rapidly destroyed. The potential physiological relevance of these data to the anemias that are found in individuals with chronic infections is discussed.